The study was conducted to elucidate the effect of three levels of compost amended soils (0, 3, and 6%, w/w) on Cd, Cu, and Zn extractability and uptake by radish plant (Raphanus sativus) grown in calcareous and sandy soils contaminated with 0, 40, 80 or 160 mg metal kg -1 soil. DTPA extraction and greenhouse experiments were designed. The study revealed that the addition of compost treatments improved the plant biomass in both uncontaminated/contaminated two soils since the dry weight of shoots and roots for the two compost treatments was higher than that of the control (0 compost addition) even in high contamination level. Also, For Cu and Zn, the plants cultivated in metals levels (40-160 mg kg -1 ) showed a significant increase in the dry weight in both radish shoots and roots grown in the both soils; whereas increase Cd levels from 40 to 160 mg kg -1 decreased the dry weight of both radish shoots and roots. DTPA extractable Cd and Cu in addition to their concentrations in radish shoots/roots grown in the soils were decreased as a result of compost amendments with more pronounced at high compost level; whereas the opposite results were obtained for Zn. Good correlations were obtained in most cases between DTPA extractable metals and absorbed by radish plant indicated by correlation coefficients. These findings highlight the applicable of compost to ameliorate Cd and Cu risks in high contaminated soils.
INTRODUCTION
The contamination of soils with heavy metals is now worldwide concerned due to their hazard to ecosystem including soil, water, plant, animal, and human life. The common international technologies of the remediation of the heavy metals contaminated sites are physical, chemical and biological techniques. The immobilization technique is commonly recognized for the in-situ remediation of heavy metals contaminated soils (Unite State Envi-ronmental Protection Agency (UA-EPA, 1999) . Immobilization is the reduction of the solubility of heavy metals through chemical reactions (ionexchange, adsorption, precipitation and complexation processes) making them less harmful or less mobile (Hashimoto et al., 2009 and Wang et al., 2009) . The mostly applied amendments include clay material, cement, zeolites, and phosphates ( Finžgar et al., 2006) .
Organic amendments such as mature compost, which contain a high proportion of humified organic matter (OM), can decrease the bioavailability of heavy metals in soil, thus permitting the re-establishment of vegetation on contaminated sites (Tordoff et al., 2000) . This relies upon the ability of the OM to re-distribute heavy metals from soluble and exchangeable forms (extractable with solutions of neutral salts such as CaCl 2 ) to fractions associated with OM or carbonates and the residual fraction (Narwal and Singh, 1998) . Recently, Moharem (2016) examined the effect of 3 months incubation period of compost amended some Egyptian arid soils on mobility and availability of Cd, Cu, Zn, and Ni using single extractants, and found that application of this material reduced the solubility of most studied metals. Great number of researchers who dealing with the issue of bioavailability are trying to estimate the available fraction by mimicking the plant uptake with extraction methods using neutral salts, weak acids and organic extractants. In general, single extractions by CaCl 2 , rhizosphere based method (RHIZO), or DTPA extractant , as the most appropriate methods correlated with plant uptake (Meers et al., 2007) , mainly because these extractions express the concentrations of trace metals in soil solution and are able to release some weakly bound trace metals. Plant is basically doing the same. The trace metals in the soil solution are the most available fraction and, in addition to this readily available fraction, plant is capable of influencing the release of some weakly bound trace metals from the rhizosphere by excreting different exudates, mainly in the form of organic acids. However, there is no certainty that these methods will always give us the accurate estimations of bioavailabilty, as for bioavailability to be accurate it needs to take plant species or plant genotype, metal speciation and soil properties into account (Peijnenburg et al., 2007) . So, based on the results obtained from short term heavy metals solubility/mobility in contaminated compost amended soils by means of single extractions (Moharem, 2016) , in the current study we tock into account plant species coupled with DTPA extraction to: (1) demonstrate the effect of compost addition to contaminated calcareous and sandy soils on radish (Raphanus sativus) plant biomass, (2) elucidate the role of compost amended contaminated soils on bioavailability and radish plant uptake of Cd, Cu, and Zn, and (3) correlate mathematically between data obtained from DTPA extraction and those from greenhouse experiments.
MATERIALS AND METHODS Soils
Two different soil samples (0-30cm) from two different locations were collected. The sandy soil was obtained from banana farm at 80 km Alexandria-Cairo desert road (El-Bostan area) at 30˚35′27′′ N and 30˚11′7′′ E. The calcareous soil was from El-Nahda area 60 km west Alexandria city at 31˚11′4′′ N and 29˚54′50′′ E. Soil samples were air-dried, ground, passed through 2 mm sieve and stored in plastic bags for later use. Soil pH was measured in 1:2.5 (soil:water) suspension and electric conductivity (EC) was measured in soil paste extract (Richards, 1954) . The available Cd, Cu, and Zn were extracted by DTPA (Lindsay et al., 1978) and measured by atomic absorption spectrophotometer (contrAA 300). Total metal concentrations were determined according to the method described by Ure (1995) . Organic matter content was estimated by the method of Nelson and Sommer (1982) , total carbonate equivalent was determined by the calcimiter method (Nelson, 1982) and cation exchange capacity was measured by the method of Rhoades (1982) . Particle size analysis was determined by the hydrometer method (Hillel et al., 1972) . Selected chemical and physical properties of the two soil samples are shown in Table 1 . Compost
Compost, having particle size less than 5 mm, derived from organic waste material mainly agricultural solid waste (ASW) were obtained from Nahdat Misr Company for Environmental Services (formally was named Veolia) in Alexandria city. The analysis of the main properties of the compost was conducted as follows: pH was determined in aqueous solution (1/5, v/v) . Total organic matter (OM) was determined by Walkley and Black (Nelson and Sommers, 1982) . Total N was measured by Kjeldahl digestion of samples and steam distillation (Keeney and Nelson, 1982) . Total concentrations of heavy metals in aqua regia digested extract (Esakku et al. 2005) were analyzed using atomic absorption spectrometry (contrAA300).
The main chemical properties of the compost are shown in Table1 Soil contamination: Soil samples (calcareous, sandy) of 1/2 kg were vigorously mixed with aqueous solution containing Cd(NO 3 ) 2 , Cu(NO 3 ) 2 and Zn(NO 3 ) 2 . The solution concentration and volume was adjusted to treat the soil with 0, 40, 80 or 160 mg metal kg -1 soil and to increase the soil moisture content to 10% in the calcareous and to 5% in the sandy soil. The contaminated soils were left for 3 days to reach equilibrium with the applied heavy metals.
Compost soils amendment
Each 500 g of the dry contaminated soil was intensely mixed in plastic bags with three rates of compost (0, -3, 6%, w/w) representing (zero, low, high compost), respectively. The contaminated soil samples amended with compost were water saturated, air dried and thoroughly mixed.
DTPA extraction
0.005 M DTPA in 0.01 N CaCl 2 and 0.1 M triethanolamine at pH 7.3 was used for plant-available metals (Lindsay and Norvell, 1978) . Concentrations of Cd, Cu, and Pb in DTPA extract for triplicate separated samples of each treatment were measured in the extract by the atomic absorption spectrophotometer (contrAA 300).
Greenhouse experiment
For soil samples contaminated with 4 rates of heavy metals and amended with three rates of compost, triplicate pots were filled with the mixed soil samples, and 15 radish seed (Raphanus sativus) were sown in each pot. After germination the seedlings were thinned to 5 plants per pot, and pots were irrigated with tap water by weight to 60% of water holding capacity. Every two days, pots were weighted and the moisture content was readjusted by adding tap water. Plant shoots and roots were harvested separately at 30 days after planting, washed and air dried in an oven at 72°C for 3 days, and ground after recording the dry weight, and kept for analysis. The experiment was set up for the 2 soils (calcareous and sandy), 3 heavy metals (Cd, Cu, and Zn), 4 rates metals concentration (0, 40, 80 and 160 mg metal kg -1 soil), and 3 compost treatment (0, low, and high) in a simple randomization. Table 2 showed that the addition of the compost treatments improved the plant biomass in both uncontaminated/contaminated two soils since the dry weight of shoots and roots for the two compost treatments was higher than that of the control (0 compost addition). For instance, at 40 mg kg -1 Cd, Cu, and Zn contaminated calcareous soil the shoot dry weight for high compost rate was 1.2, 1.7, and 1.3 times higher than that of the control, respectively; similarly, the shoots dry weight obtained from sandy soil was 1.2, 1.5, and 1.3 times higher than that of the control, respectively. Roots dry weight showed also similar trend of dry weight increase as a result of treated two soils with compost. Ye et al., (1999) found that dry weight yields of plant were higher in soils receiving compost amendment rather than control, indicating a better nutrient status in compost-amended soil. Also, the increased plant yield may be due to rhizosphere aggregate stability of compost that might favor the beneficial microbes that could have contributed to improved biomass (Caravaca et al., 2003) .
RESULTS AND DISCUSSIONS Effect of heavy metals and compost on radish growth
The effect of contaminated soils with the three studied metals level on radish shoot/root dry weight was completely different among these metals. For Cu and Zn (Table 2) , the plants cultivated in metals levels (40-160 mg kg -1 ) showed a significant increase in the dry weight in both radish shoot and root with more pronounced in calcareous soil than sandy soil. In general, under lower application of these metals, improved root system helped the plants in better absorption of water and other nutrients dissolved in the soil and consequently improved the growth of different organs and the entire plant (Reichman, 2002) . In contrary, Growth inhibition and reduction in biomass production are general responses of higher plants to heavy metal toxicity (Ouariti et al., 1997) . The decrease in biomass in excess of these metals might be due to low protein formation, resulting in the inhibition of photosynthesis, as well as hampering carbohydrate translocation (Manivasagaperumal et al., 2011) . However, the previous studies concerned with high levels of Cu and Zn which is far from these levels in the present investigation. Moreover, Plants treated with low level of copper (100-200 mg kg -1 ) and zinc (100-300 mg kg -1 ) showed a significant increase in the dry weight, while higher concentration of copper (300-600 mg kg -1 ) and zinc (400-600 mg kg -1 ) showed a gradual decline in the dry weight that were obtained by several authors in a number of plants including radish (Dube et al., 2003) . Thus from discussions above, it is not surprising for the increase of radish biomass as a result of adding Cu or Zn up to 160 mg Kg -1 in the current study.
In contrast to Cu and Zn, increasing Cd concentration in both soils from 40 to 160 mg kg -1 soil either in the presence or absence of compost amendments significantly decreased plants dry weight. The decrease in radish dry weight was more pronounced in sandy soil than in calcareous soil. The bioavailability of Cd in sandy soil that has low organic matter, total carbonate, and CEC (Table 1 ) is expected to be higher than in the other soil rich in these previous parameters. In addition, Tables 3 and 4 show the tolerance index of radish shoots and roots grown in the studied soils-that were calculated as the ratio of shoot or root dry weight at Cd supply to that of control. In general, cadmium affected roots more than shoots in all cases leading to a lower tolerance index for root. This phenomenon can be attributed to the fact that roots are the first organs receiving cadmium ions in soils via apoplastic transport, resulting in a higher Cd accumulation there (Drażkiewicz et al., 2003) . DTPA extractable metals Fig. 1 showed that in sandy soil; in the control (0, compost) and compost amended contaminated soils, Cd, Cu, and Zn concentration in DTPA extracts were lower in calcareous soil than that of sandy soil suggesting that heavy metals in calcareous soil was less extractable and probably less bioavailable corresponding with the data obtained from the dry weight experiments ( Table 2 ). The relatively low values of DTPA extractable metals from calcareous soil may be referred to higher organic matter, calcium carbonate, cation exchange capacity values of calcareous soil whereas the sandy soil shows the lowest values of these properties (Table 1) . Many studies demonstrated the high affinity of organic matter, clay minerals, and CaCO 3 for Cu (Karlsson et al., 2006) . The high contents of CaCO 3 in calcareous soil could be responsible for the high Cu sorption capacity in this soil. Ponizovsky et al. (2007) studied the mechanism of Cu retention in calcareous soils and suggested surface precipitation of CuCO 3 as the main mechanism of Cu retention. Also the high affinity of Cd towards CaCO 3 could be the reason for the low extractability of Cd in calcareous soil. Basta et al. (2001) found that Cd carbonate-bound fraction represented the highest value among the different fractions of extracted Cd. Dahiya et al. (2005) found that the cation exchange capacity, organic matter, pH and clay content were the main contributors to Zn sorption in soils. Mcbride (1994) also demonstrated that Zinc sorption by carbonates or precipitation of zinc hydroxide or carbonates may be partly responsible for the zinc unavailability in calcareous soils. These findings are in agreement with the results obtained from the current study regarding the low extractability of Zn in calcareous soil than in sandy soil.
When both soils were mixed with compost, as seen in Fig. 1 , significant reduction in DTPA extractable Cd and Cu was noticed at different levels of added metals comparing with control treatment (0, compost), and this decrease was more pronounced in high compost amendment suggested that more sorption sites will be added on the soil surface as a result of compost addition. In contrast to both metals, DTPA extractable Zn seemed to be higher in compost amendment rather than control treatment. The non effectiveness of compost on Zn as a sportive material as in case of Cd and Cu may be related to the fact that Zn is a rather mobile element and easily out-competed by other cations (e.g. Pb, Cu) for adsorption sites (Cao et al., 2004) . The current results were in agreement with Sanchez et al. (2004) -1 as a result of high rate compost application for both soils. It can be deducted from the results above that Cd and Cu strongly retained in soil matrix following compost amendments suggested high affinity of both metals for compost rendering both metals in a less extractable form. The contrast results obtained in Zn indicated low ability of Zn towards compost materials. It is well known the ability of organic matter to bind metals, reducing their bioavailability and subsequently allowing vegetation to become established (Bohn et al., 1985) . However, Some forms of unstabilized organic matter such as manure or biosolids may increase metal mobility due to their high DOM content that can complex metals and facilitate their movement through soil (Almas et al., 1999) . In contrast, composting stabilizes organic wastes and reduces their DOM content and the potential for metal leaching (Van Herwijnen et al., 2007) . Stabilized organic matter has been shown to reduce available Cu and increase the organically bound fraction (Perez-de-Mora et al., 2007) . Thus Cu that known to form stable complexes with dissolved organic carbon (Wu et al., 1999) causing increase of metal mobility and bioavailability especially in alkaline soils (Moharem, 2008) , can be strongly diminished as a results of organic residuals composting process. For Cd, Kaschl et al. (2002) demonstrated a tendency of Cd to preferably associate with larger, humified, and less soluble organic materials predicting a high ability of Cd towards compost materials as obtained in the current study. Zinc is readily adsorbed by clay minerals, carbonates, or hydrous oxides. Kuo et al. (1983) and Tessier et al. (1980) found that the greatest percent of the total Zn in polluted soils and sediments was associated with Fe and Mn oxides. Other investigators also reported the dominance of the Fe and Mn oxide-bound Zn (Ramos et al., 1994 ;  ; and Ahumada et al., 1999) . On the other hand, Murthyet al. (1987) demonstrated that Zn in soil is held by weak organic bonding. Thus in the current study, it has been suggested that soil compost addition may limit the ability of soil components to retain Zn by covering the more favorable sites (clay minerals, carbonates, or hydrous oxides) by less favorable sites (organic matter of compost) causing more Zn extractability. In common, these findings indicate the importance of compost amendment via reducing the bioavailability of Cu and Cd.
Heavy metals uptake by radish plants
For control (0, compost) and compost amended contaminated soils, Cd, Cu, and Zn concentration in radish shoots or roots dramatically increased as a results of metal added from 40 to 160 mg kg -1 (Figures 2 and  3) . In general, metal added to soil was plotted versus shoots or roots metal concentration, and linear relationships were obtained for Cd, Cu, and Zn and two soils indicated by high coefficients of determinations (R 2 ) ranging from 0.86 to 0.99 (data shown in Fig. 4 as example for radish shoots in calcareous soil). Wang et al. (2003) concluded that the concentration of heavy metal in plants could be used as indicator to metal contamination status of the soil and revealed abilities of various plant species to take up and accumulate metals from polluted soils. In common, heavy metals concentrations in radish tissues was more pronounced in sandy soil than in calcareous soil. Cd concentration in radish shoot and root grown in sandy control soil and contaminated with 40 mg kg -1 soil was 2 and 7 times higher than corresponding radish in calcareous soil, respectively; while Cu at 80 mg kg -1 soil, radish shoot and root grown in sandy control soil was 2.2 and 12.4 times higher than that in calcareous soil, respectively; whereas Zn contaminated soils at 160 mg kg -1 , radish shoot and root grown in sandy control soil was 1.7 and 2.2 times higher than that in calcareous soil, respectively. Furthermore in control amended contaminated soils, Cd and Cu concentration in roots where much higher than those in shoots as seen in Figures 2 and 3 . Other investigations (Florijin et al., 1993 and Ren et al., 2006) also demonstrated that heavy metal concentrations in roots were much higher than those in shoots. The remaining of heavy metals in roots and transport of small amount to shoots has been considered as defense mechanism of plants for heavy metal toxicity by immobilization of heavy metal in root cell wall (Rauser, 1986) . However, in the current study Zn concentration in shoots were much higher than those in roots indicating the high transport of Zn into radish tissues.
The addition of compost to both soils dramatically affected metals concentrations in shoots and roots of radish plants (Figures 2, 3 as example) . The Cd and Cu concentrations in shoots and roots were decreased as results of compost addition with more obvious in high amendment rate while Zn concentration in shoot and root was increased as the increase of compost rate. soil amended with low compost rate was decreased to 40.36 and 46.27% for calcareous and sandy soils, respectively comparing to corresponding each control treatment (0, compost addition); while high compost rate decreased Cd concentration to 52.13 and 64.63% for calcareous and sandy soils, respectively. At the same contaminated rate, root Cd concentration was decreased to 62.39 and 66.62% due to addition of low compost rate and to 65.57 and 79.89% as high compost addition for calcareous and sandy soils, respectively. Similar results were obtained regarding Cu for both shoots and roots. On the other side, addition of low compost amendment increased Zn concentration at 80 mg kg -1 soils to 13.67 and 27.86% in calcareous soil and to 19.07 and 6.87% in sandy soil for shoot and root of each soil, respectively. The high compost rate also, at 80 mg kg -1 soils, increased Zn concentration in calcareous soil to 43.60 and 34.72% for shoot and root, respectively; whereas this increase in sandy soil was 55.57 and 35.31% for shoot and root, respectively.
Thus, these findings showed that the addition of the compost amendment simultaneously reduced the bioavailability of Cd and Cu and increased Zn bioavailability which highlights the applicable of using compost to immobilize Cd and Cu in high contaminated soils. Similarity to the current results, Tordoff et al. (2000) demonstrated that organic amendments such as mature compost, which contain a high proportion of humified OM, can decrease the bioavailability of heavy metals in soil, thus permitting the re-establishment of vegetation on contaminated sites.
The correlation between total Cd, Cu, and Zn accumulation in shoot or root of radish plants grown in both soils in the presence and absence of compost amendments and these metals concentration in DTPA extracts was examined. The correlations are shown for Cd as examples in Fig. 5 . In common, correlation coefficients (R 2 ) of metals accumulation in plants to metals concentration of DTPA soil extracts was significant in most cases with more pronounced in shoots than in roots. These R 2 values were for Cd (0.84, 0.49), for Cu (0.67, 0.35), and for Zn (0.45, 0.44) for shoots and roots, respectively. Significant values of R 2 indicate that 84 and 67% of the decrease in Cd and Cu, respectively and 45% of the increase in Zn in shoot radish plants correlated with the decrease (Cd and Cu case) or increase (Zn case) of DTPA extracts resulting from compost amendment to the soils. Also, the same trend was obtained for roots treatments. CONCLUSION Compost application increased strongly the plant biomass for all cases even in high level of metals contaminated soil. This implied that the phytotoxicity of heavy metals is influenced by addition of compost amendment. Since plant yields could be used as an index of amelioration success. It is evident that addition of compost amendments could mitigate heavy metals phytotoxicity. The results obtained from DTPA extraction coupled with the greenhouse experiment and, furthermore, the high R 2 , in most cases, between extracted and absorbed metals validate the hypothesis that compost amendment can be applied in contaminated soils to reduce Cd and Cu bioavailability. However, the increase of Zn as a result of compost amendment may be useful in alkaline soil, such as studied soils, suffering from Zn low solubility.
